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Chapter 1 
Introduction 



Alumina,, also called aluminium oxide, is the only solid oxide of aluminium 
and has the chemical formula AI2O3. Aluminas, or more precisely, aluminous' 
materials have been technologically significant eeramic materials throughout human 
history, Before 5000 BC aluminous clays were being used in Mesopotamia for the 
manufacture of fine pottery. After 3000 BC the Babylonians and Egyptians began 
employing aluminium compounds in various chemicals, such as perfumes and dyes, 
and medicines (van Horn ef al 2002). Upon these uses the Romans utilised 
aluminous materials in the manufacture of cosmetics /Emerald, sapphire and ruby, 
which are crystalline forms of alumina coloured by various impurities, were utilised 
in jewellery from about 800 BC, no more extensively than during ancient Roman 
times. 

Etymology shows that the word alumina, like the word aluminium, comes 
from the term ahimen (Simpson and Weiner 1989). which is Latin for alum 
{potassium aluminium sulphate, K2SO4- AbCSG*}^ ljM. 2 0), The Romans used alum 
as a styptic or astringent, perfume, and as a mordant in the dyeing process. The 
earliest extant literature:. documenting the use and manufacture of alum was by the 
Roman naturalist Pliny the Elder (j&aius Plimis Secundus) in his 'Historic! Natw-alis' 
(77 AD), Books XXXIII & XXXIV), Note that the earliest mention of the word alum 
was k Herodotus' 'The Persian Wars 5 (425 BC), Book Ii) 5 but the word's 
appearance is only in Latinised, trans iaiions made by Roman scholars in later 
centuries, and its reference is to a form of currency, not a description of the material 
or its uses. In 1781, de Morveau proposed the new-Latin term alumine (alumina in 
English) for the base in alum, In 1787 Lavoisier suggested that alumine was the 
oxide: of a previously undiscovered metal. The word aluminum, later aluminium, was 
proposed by Davy in 1807, who confirmed that alumina has a metallic base. 

Bauxite, the- most common ore of aluminium, was discovered m 1821 by 
Berth ier near the village of Les Baux, France, However, it was not until the end of 
the 1 9 th century that bauxite was recognised as containing Al(OH) 3 and AIO.OH and 
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various quantities of al uminium silicate, titanium dioxide and iron mineral impurities 
(Wefers and Misra 1987). It has since been detenuined that various crystailographic • 
forms of the aluminium hydroxides including gibbsite, bayerite, boehmite, and 
diaspora may be present in the aluminium ares. It is from naturally occurring 
aluminium hydroxides, such as those found in bauxite, that alumina (AI2G3) is most 
commonly produced. This is primarily achieved using the Bayer process, developed 
in 1889 by Karl Bayer {Hind ei ah 1999). which today remains the most economic 
thermal treatment tor the synthesis of alumina. 

Although aluminium is generally accepted to have been first isolated In 1825 
by Hans Christian Oersted, Pliny may have unknowingly provided us with some 
curious insight into the history of alumina and aluminium with this excerpt from 
HistoriaNaturalis (77 AD, Book XXXV): 

"One day a goldsmith in Rome was allowed to show the Emperor 
Tiberius a dinner plate of a new metal The plate was very light and 
almost as bright as silver. The goldsmith told the Emperor that he 
had made the metal from plain clay. He also assured the Emperor 
that only he, himself and the gods knew how to produce this metal 
from clay. The Emperor became very interested, and as a financial 
expert he was also a little concerned,. The Emperor j 'elf immediately, 
however, that all his ..treasures of gold and silver would decline, in 
■value if people started to produce this bright metal from clay. 
There/ore, Instead of giving th e goldsmith the regard expected, h e 
ordered him to be beheaded " 

It can be conjectured that the metal is. aluminium and the clay is an aluminium, ore, 
such as bauxite, most likely from the now known deposits around the northern 
Mediterranean, once a part of ancient Rome's massive empire, Tiberius' (42 BC - 
37 AD) rashness appears to have deprived ancient Rome of a precious commodity 
with which to trade and the world of a long history of alumina and aluminium use. 
However, concl usive evidence of widespread Roman knowledge of alumina may yet 
be uncovered. It was not until the IS* and 19 th centuries that the- Western world only 
began to catch up to the Romans in most areas, including education technology and 
administration.. Moreover, new discoveries are being made about the Romans every 
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day; It has, for example, only recently been realised that Roman medical and surgical 
procedures, including. eye,, cosmetic and brain surgery, were on par with their modern 
counterparts, at least uo the mid 20*' century (Jackson 1991; Adkins and Adkins 
1994: She I tort 1997). A future discovery of direct evidence of Roman knowledge of 
alumina and aluminium may not be surprising. 

Today the word ."^alumina" is still vaguely used in literature to denote any thing 
from the entire group: of aluminous, materials,, including aluminium hydroxides. The 
definition of alumina by the Oxford English Dictionary (1989) illustrates some of the 
ambiguity in the use of the word: "one of the earths, a white, insoluble, tasteless, 
amorphous substance; the only oxide (AI2O3J of the metal aliimifiizim, the basis of 
alum, the chief constituent of all clays, and fotmd crystallised as the sapphire " A 
quick browse through several dictionaries will show that most also refer to alumina 
as u a mineral occurring in nature as corundum:' ' The absence of universal standard 
nomenclature contributes to the confusion which has arisen in literature tor the 
naming of aluminium compounds. Only one attempt has been made at implement big 
standardised nomenclature so far (Ginsberg ei al 1957). One of the outcomes of this 
attempt is that the prefix a is applied to hexagonal close packed and related 
structures while y signifies cubic close packed and related structures. 

Although there is loose and varied use of "alumina" as a naming tool, it 
definitively only applies to substances with the AfcO* stoichiometric formula. Early 
research into aluminium compounds resulted in the discovery of aluminium ores, 
chiefly comprised of aluminium hydroxides. These aluminium hydroxides are 
sometimes, and incorrectly, referred to as hydrated aluminas. This misconception has 
resulted from the representative stoichiometric formulae; gihbsite, for example, is a 
trihydroxide compound (Al(OH)j) which has been represented as AbQs^M^O and 
named alpha aluminium hydrate by Alcoa (Wefers and Misra i 987), 

The Transition Alumina 's 

It was eventually disco vered that alumina itself also exists in a variety of 
"transition' structures which are reproducible and stable at room temperature. The 
term 'transition/ as opposed to 'metastab.Ie/ applies as the phase transition between 
them is irreversible and occurs only with increasing temperature. The transition 
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■aluminas- occur within several pathways when dehydrating the aluminium 
hydroxides, such as gibbsite, to form corundum {jx-AbQiX a name that lends itself 
from the mineral of composition AX 2 0 3 identified in India by Grevi lie in 1798 (van 
Horn et aL 2002). The a phase is the only therrnodynamieally stable oxide of 
aluminium and is the final product of the calcination process which follows the 
Bayer treatment. The nature of these phase: transfontiatioris has now been studied for 
many years, and the pathways involved in the calcination, include gibbstte ~> 
boehmite (y-AtOOH) -» -y-aium'taa (y-Ai 2 0 3 ) -> 5-alumina (S-AI2O3) --> 0-alumina 
(B-AKOa) > a-atamma (Figure LI), with each transition phase exhibiting a distinct 
powder X-ray diffraction, pattern. These phase transformations are of fundamental 
importance in designing ceramic processing procedures that use partially-calcined 
starting material 

Initial classification of the transition aluminas was by Ulrich (1925) who used 
the prefix y for an undescribed almnina compound. This prefix has subsequently 
been used for all newly encountered and undescribed aluminas, all of which were 
found to form at low calcination temperatures during the thermal treatment of 
aluminium hydroxides. As new forms have been identified they have been assigned a 
unique Greek letter prefix. The y prefix has since been restricted to the name of the 
structure obtained for the dehydration sequence of boehmite from 400 °C, Several 
other transitions have now been identified including the % 8 ? k, (3 3 and % aluminas, 
They are designated as oxides but it is not yet certain that they are anhydrous and 
several of the structures exhibit some amorphous content hence they are commonly 
referred to as partially-calcined or partially dehydrated. A summary of the 
transformation transition aluminas and their occurrence in the calcination pathways 
is provided in Figure L 1, Diagrams such as this serve only as a guide because they 
do not elucidate that the exact temperature of formation depends on parameters such 
as pressure and that overlap of phases can occur at certain temperatures. 

The original purpose for the production of a-AhQs was as a precursor in the 
production of aluminium metal which is the third most abundant element in the 
earth's crust, comprising 8.13%, and has almost limitless applications in transport, 
packaging, electrical, construction and medicine, in 2001, 48,488,000 metric tons of 
alumina was produced (Report 2001b). Of this figure 3,997,000 metric tons 
represents the amount of all phases of alumina produced for uses other than the 
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production of aluminium metal. The remaining alumina produced was used to 
synthesise 20,551,000 metric tons of aluminium (Report 2001a; Report 2001b). 

Corundum itself has since found an enormous range of technological and 
industrial applications as a result of its hardness, abrasion resistance, mechanical 
strength, corrosion resistance, and good electrical insulation (Sturnpf et al 1950- 
Kingery et al 1976). It is the most widely used form of alumina with structural* 
refractory, abrasive, optical, and electronic applications .Many of its applications are 
commonly known, such as its incorporation in composites (Green et al 1989), while 
others are more obscure, such as its use in ballistic armour (Radmos and Ivey 2001). 
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Figure LI* Commonly accepted transition sequences of the aluminas from 
hydroxides to corundum during thermal treatment (Wefers and Misra 1987; Levin 



The industrial importance of transition aluminas is increasing as more 
becomes known about them. This group of materials have a variety of niche 
applications, many overlapping with those of oc-AisCb, depending on the properties 
of the specific polymorph, k- Alumina (K-AI2O3), for .example, finds use in wear- 
resistant coatings on cemented carbide cutting-tools (Lux et at I9S6; Vuorinen and 
Skogsmo 1990). 8-AIumina has been incorporated in b inactive bone cement 
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composites as a replacement for a-AbOs (Nishio et al .200,1). It was found to be 
superior for incorporation in bone cement as it allowed for greater osteoblastic 
differentiation than a-AI ? Q 3> ailowing for tn-vivo bone formation, 8~A!umina Is used 
as a precursor for the production of ultra-high purity a-Al^O^ with reduced particle 
agglomeration. .{Wei et al 1996; Kao and Wei 2000), All the transition alurninas have 
chemical functions including use as adsorbents, desieeants and binders, They are also 
widely used in heterogeneous catalysis, (Knozinger 1985) both as catalysts and 
support material for monolayer catalysts (Poncelet et al 1991). 

The transition aluminas are also of great importance in aluminium metal 
production. The cx phase is not as soluble as me transition aluminas in the electrolytic 
solution {cryolite ~ Na^AlFs) from which aluminium metal is produced. Hence the 
processed alumina used for aluminium metal production contains a high amount of 
various transition phases (Hofnsi 1989; Hind et al 1999). The high surface area, and 
corresponding adsorption properties, of some of the transition phases allows the 
alumina product to also be used as a HF (hydrogen fluoride} '.scrubber' , during 
aluminium refinement in order to reduce HF pollution (Gillespie et al 1999). 
Alumina has traditionally been formed by calcining aluminium trihydmte (gibbsite) 
in a rotary kiln at typically 1000 °C, More recently, tluidised bed furnaces have been 
used as they have more flexible calcination parameters, therefore exerting more 
influence on the amount of transition phases produced within the alumina product. 

There still exists considerable controversy over the definitive structures of 
many of the alumina phases. In the ease of S~Al 2 Q* 5 there is speculation as to 
whether it exists at all. Studies by Zhou and Snyder (1991) and Gan (1996) have not 
reported the presence of 5-AI2O3 'in the transformation sequence of y-AliCh 
to B-AbC3. Also, Peeharromari (1999) suggests that while; S-AbOs was detected 
using X-ray diffraction, it is actually a heterogeneous mixture of well crystallised 
Y-A1?Q 3 and 9- AI2O3 Instead of a single 5-phase, Furthermore, many researchers who 
develop AfeOs-based applications have not or are unable to ascertain the exact AS2O3 
phase present. An example of this scenario is in the development of nanosized AI2Q3 
fibres. Two variants of AI2Q3. nanoHbres were developed by Tepper, Lerner and 
Gmley (2001) for improved catalysis, ehemisorption of metals, use in 
nanocomposites, ceramic substrates, filters and membranes, and chemisorption and 
biomedical applications. These authors, however, have riot identified a specific AI2O3 
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phase beyond the presence of amorphous AI2O3. Without adequate knowledge of the 
structural form, research into the properties, dynamics and applications of these 
materials will always be less than optimal 

v- Alumina 

^Alumina, the subject of this thesis, is a material of immense industrial 
significance and is the subject of considerable research. It Is used as a catalyst 
support for automotive. (SatterfMd 1980; Taylor 1993: Gates 1995) and industrial 
catalysts (Che and Bennett 1989; Xu elal 1994), for example, the production of bulk 
and fine chemicals (Shi and Davis 1995), and as a catalyst in hydrocarbon 
conversion for petroleum refining (Tung and Mchilnch 1964; Knozinger and 
Rata as amy 1978). Supported catalysts are typically made by impregnating a porous 
material with an aqueous catalytic salt followed by calcination. Porosity is the 
property which makes 7-AI2O3 appealing as a catalyst support. Also, porosity (and 
therefore high surface area), combined with the removal of water and/or hydroxy! 
Hgands at the surface, resulting in the exposure of Al 3 * ions 5 are why y-AbOa is also 
used directly as a catalyst, 

Catalytic processes account for the majority of applications of y~AI?Qs. 
However, there are a growing number of other uses for y^Al^C^ Life other transition 
aluminas s it is widely used as. a polishing abrasive and in ceramic coatings, which 
provide corrosion 5 thermal and wear protection (McPhevson 1980). NASA utilised it 
in y-AI^Oj/epoxy composite struts to attach a eryogemealiy cooled solid-hydrogen 
telescope to its Wide-Field Infrared. Explorer (WIRE) spacecraft because of its low 
thermal conductivity and relatively high mechanical strength (Rosanova 1998; 
Everett et al 20DG). Also, the high surface area of 7-AI2O3 makes it useful as 
platinum-coated combustion burners in recently investigated miniature power 
supplies (Drost et ai 1997; Koeneman et al 1997), Furthermore, Y-AI2O3 has also 
been shown to be thennodynamicaily stable relative to a-Ah0 5 when a critical 
surface area Is achieved (McFIale et at 1997), The outcomes of this research can 
open up. endless possibilities tor applicatiDUS of y-A.i2.O3,. 
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The Unce rtainty Surrounding ywllumina 



Despite the industrial significance of y-AliOs* controversy still, exists over its 
definitive structure. Not even the mechanisms by which y-AfaCb behaves as a 
catalyst. (or support) are clearly understood (Sohiberg et al 1999; Xia et al 1999). 
Over 67 years have passed since the first description of its' structure, which was as a 
cubic spinel-type (MgAbCU) structure (Verway 1935a), and over 52 years since it 
was identified as a direct product of the calcination, of bdehmite {Stempf et al 1950% 
Yet there are still many questions regarding its formation, structure,, and even 
stoichipmetry. It was initi ally determined to occur at a calcination temperature of 
> 525 °C, though now it is thought to occur between 400 and 950 °C (Stunipf et al 
1950; Saaifelcl 1958; Lippens and de Boer 1964), These early studies have tended to 
shed light on the configuration of the oxygen sublattiee, however the major 
uncertainty arises in the positions of the aluminium ions within the unit cell Analysis 
of neutron, X-ray, and electron diffraction, data, has led to conclusions that the 
vacancies are situated entirely on octahedral (Si nha and Sinha 1957; Jagodzinski and 
Saalfield 1958; Li et al 1990; Wang et at 1998; Kryukova etal 2000) or tetrahedra] 
(Saalfejd 1958; Saaifeid and Mehrotra 1965; Jayaram and Levi 1989) sites, or 
distributed over both spinet site positions (Wilson 1979: Wang et al 1999). The 
occupation of a highly distorted WyckbiY 3 2e site has also been reported (Zhou and 
Snyder 1991; Gan 1996), which coincides with reports of 'pentahedrally 5 
coordinated Al by several NMR studies (Dupree et al 1986; Chen et al 1992; 
Fecharroman et at 1999; Wang- et al 1999), Furthermore, there is the issue of 
hydrogen and/or water content in the lattice, which remains unsolved. 

Three space groups have been attributed to the y-AizG:* structure; Fm3m , 
FcBm and 14i/amd, it is traditionally thought to be a cubic spinel structure, but 
tetragonal ly-distoited structures have been reported (Stumpf et al 1950; Lippens and 
de Boer 1964), Wilson (1979) and Wilson and McConnell (1980) also observed a 
letraganally-distorted spinel structure for y-AfeOj, but found that distortion of the 
spinel lattice decreases with increasing time or temperature of heat treatment. They 
found this decrease of tetragonal y~Al?G 3 coincide with the formation of cubic 
Y~A1 2 0 3 , Zhou and Snyder (1991) found the structure to be a cubic spineL reporting 
no tetragonal distortion. Later, Gan (1 996) r suggested tetragonal and cubic y-A^O^ to 
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be simultaneously present at ail temperatures with the tetragonal form dominating at 
lower temperatures. The amount of cubic y-AfcOs was suggested to increase with 
increasing temperature, at the expense of tetragonal y- A I2G3. 

Through extensive reading one can see that many subtle, contusing and 
contradictory variations of the structure of y-AhOz (and 5-Al?0 3 ) have been reported. 
There has even been one study which has reported a supercell lattice parameter of 
15.790 A as opposed to the traditionally known - 73 A (Kordes 1935), One can see 
that there is a myriad -of preparation routes. Further confusion has been added by the 
terminology used to describe these structures, For example, Rookshy and Rooymaus 
(1961) labelled the tetragonally distorted y-AbOa structure described by Saalfeld 
(1958) as 8-AI2Q3 which was later confirmed, by Lippens and de Boer (1964) to be 
7-AI2O3 . It appears that the exclusi ve use of traditional experimental techniques will 
fall short- of providing a decisive answer. Understanding the structure of y-Ai?Oj has 
far reaching implications. Some researchers, in their study of the structure and phase 
transformation to S-AI5O3 and, subsequently, e-ALCh, have assumed a structure for 
y-AbCh (Levin e'f aL 1997: Levin and Brandon 1998b; Levin et at 1998), The 
advantage in knowing the structure of Y-AI2Q5 for such a study is obvious. It is an 
imperative step towards understanding mechanisms of phase transformation. It will 
assist in the subsequent understanding of the surface structure of y-AfcO^ 
Furthermore, it will ultimately assist in understanding the mechanism by which 
Y-AI2O3 behaves as a catalyst, and will allow for synthesis techniques to be refined 
and lead to farther development of applications. 

Problems Associated with Solving ^Alumi na 

The predominant factor hindering attempts to solve the y-ALOa structure is 
that it is poorly ordered. This makes it difficult to obtain single crystals of suitable 
size (coherently scattering domains do not usually exceeding 300 nm) 3 and hence, 
unsuitable for single-crystal diffraction studies. Furthermore, powder diffraction 
patterns exhibit high backgrounds and diffuse peaks. The structural disorder makes it 
difficult to obtain electron .diffraction., patterns as kikuchi bands, which are used to 
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identify zone axes, are generally not observed/ These complications make it difficult 
to ■ determine the structure unambiguously . 

The traditionally used powder X-ray diffraction and electron microscopy are 
at a disadvantage when examining the complicated structures of the AI2O3 
polymorphs. These structures have similar d-spactngs and the transformations appear 
to occur continuously, with several phases coexisting in some instances. 
Furthermore, factors such as the degree of prystailinity, the presence of impurities, 
particle si/.e and pressure can alter when a transformation occurs arid affect what 
variant of the structure-will' he found. Powder X-ray diffraction, where the analysis is 
"averaged 5 over thousands of crystals cannot adequately overcome these problems, 
while the use electron microscopic techniques may sometimes be too arduous to 
cover the scope of all possibilities. A possible solution is offered by the use of 
computational molecular modelling techniques, in conjunction with suitable 
experimental analysis. 

In recent years rapid advancement has occurred in the field of eomputatioiial 
materials science. Huge advances in computing power during this period have made 
it possible to apply the laws of quantum mechanics to the study of macroscopic 
properties of real materials at the atomic level. Predicting the properties of materials 
by theoretical means can achieve high accuracy and complements the traditional 
experimental approaches. In many cases, time arid money can be saved by 
conducting theoretical simulations on a material before conducting experimental 
tests. 

■Ab- intiio qunnium mechanical calculations of a single configuration of complex 
structures like y-AI^Oj can take many days or weeks, whereas the empirical 
modelling methods, which are based on classical physics, typically only involve a 
few minutes of computation time. This allows for many more possible structural 
candidates to be examined, in order to thoroughly sample configuration space, for 
disordered materials. Although modelling techniques based om interatomic potentials 
cannot y ield accurate data with regards to electronic properties of materials, they can 
produce reasonably accurate structural data in a fraction of the time taken by 
quantum mechanical calculations. This means that interatomic potentials can be used 
to reduce the number of likely candidates before utilising a first principles approach. 
A key advantage to theoretical investigations, is the ability to directly examine many 
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possible structures of the material, whereas traditional experimental techniques 
usually correspond to one general model being conceptualised. Hence, this research 
will involve the combined use of interatomic potentials and first principles 
calculations, by means of density functional theory (DFT), to investigate possible 
structures of y-A1 2 0 3 and yield highly accurate results. 

Whereas structure determination problems are traditionally approached by 
obtaining a diffraction pattern and working backwards to determine the unit ceil 
with interatomic potentials and DFT the process of structure determination begins 
with construction of the unit cell which is then optimised. The final possible 
structures determined are then compared with experimental data to obtain consensus. 
The theoretical modelling: will provide a representative structure for 7-ATO3 with 
precise cation coordinates; To date no experimental study has provided precise cation 
coordinates for y-A^Cb, a limiting factor brought about by the nature of the material. 

LI Objectives 

The aim of the work contained within this thesis is to advance knowledge of 
and make new insights Into the structure of 7-AI2O3. Research will be primarily 
geared towards elucidating the definitive structure and settling the ambiguity 
surrounding the y~At203 system,. The primary technique to be used is computer 
simulations based on both interatomic potentials and first principle calculations. This 
will be combined with the following supporting experimental techniques: 
Neutron diffraction 

- X-ray diffraction 

« Transmission electron microscopy and electron diffraction 

- Nuclear magnetic resonance spectroscopy 

- Differential scanning caiorimetry and thermogravimetric analysis 
Infra-red spectroscopy 

- Inelastic neutron Scattering 

- Prompt-gamma activation analysis 
Small angle X-ray scattering 
BET and pycnornetry 

Loss on ignition 
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* The computational work will involve the development of a methodology 
which will allow all structure possibilities to be examined and do so in 
reduced time. This is contrast to previous computational studies which have 
been time consuming and, because of this, have not been able to examine all 
possible structures, 

* Focus will be directed towards accurately determining the unit cell and 
assessing the possi bility of a dual-phase structure. 

•• Attention will be paid to aseeiiaining the distribution of vacancies and the 

precise cation coordinates. 
*• Once a satisfactory structural model is established annealing time and 

temperature effects on the system will be examined; 
»• Research, will also involve understanding the evolution of the structure as the 

transition sequence progresses. The nature of hydrogen and its role in the 

structure of y-A^Qs will also be investigated, 

* An understanding of the possible synthesis techniques and kinetic effects will 
be. developed with the view of employing a common approach to produce a 
systematic set of samples within the temperature range of the occurrence of 
y-AljOj for study using experimental techniques. 

In addition to the extension of the current understanding the results will oiler 
a platform for further study of the system and other similar and related sy stems, such 
as rt and S-AbOj. 
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Aluminas have had some form of chemical- and industrial use throughout 
history. For little o ver a century corundum (a-Al?Ch) has been the most widely used 
arid known of the aluminas. The emerging metastable aluminas, including they, S, % 
B y k, (3, and % polymorphs, have been growing |ri importance. In particular, y-Al 2 0 3 
has received wide attention, with established use as a catalyst and catalyst support, 
and growing application in wear abrasives, structural composites, and as part of 
burner systems in miniature power supplies* It is also growing in importance as part 
of the feedstock for aiumtniurn production in order to affect both the adsorption of 
hydrogen fluoride and the feedstock solubility in the electrolytic solution. However, 
much ambiguity surrounds the precise structure of -y-AbO*- Without proper 
knowledge of the structure, understanding the properties, dynamics and applications 
will always be less than optimal. 

The aim of this research was to contribute towards settling this ambiguity. 
This work was achieved through extensive computer simulations of the structure, 
based on interatomic potentials with refinements of promising structures using 
density functional theory (DFT), and a wide range of supporting experiments. In 
addition to providing a more realistic representation of the structure, this research has 
also served to advance knowledge of the evolution of the structure with changing 
temperature and make new hisights regarding the location of hydrogen in y-AhQi* 

Both the molecular modelling and Riet veld refinements of neutron diffraction 
data showed that the traditional cubic spinel-based structure models, based on Fd3m 
space group symmetry, do not accurately describe the defect structure of V-AI2O3. A 
more accurate description of the structure was provided using supercells of the cubic 
and tetragonal unit cells with a significant number of cations on c symmetry 
positions. These c symmetry based structures exhibited diffraction patterns that were 
characteristic of y-AUQ'3. 

The first three chapters of this Thesis provide a review of the literature; 
Chapter On-e provides a general introduction, describing the uses and importance of 
the aluminas and the problems associated with determining the structure ofy-Al^O*. 
Chapter Two details the research that has been conducted on the structure of 
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y-Ai 2 0;* historically. Chapter Three describes the major principles behind the 
computational methods employed "in this research. 

In Chapter Four, the specific experimental and computational techniques 
used to investigate the structure of V-AI2O3 are described. All preparation conditions 
arid parameters used are provided. 

Chapter Five describes the methodology employed in computational and 
experimental research. The examination of the -1,47 billion spinel-based structural 
possibilities of Y-AI2O3, described using superceils, and the selection of — 122,000 
candidates for computer simulation, is detailed. This chapter also contains a case 
study of the structure of ic-AlaO*. used' to investigate the applicability of applying 
interatomic potentials to solving complex structures^ where many possibilities are 
involved, and to develop a systematic procedure of computational investigation that 
could be applied to y-AhOs. 

Chapters Six to Nine present and discuss the results From the experimental 
studies. Preliminary heating trials, performed to determine the appropriate 
preparation conditions for obtaining a highly crystalline boehmite precursor and an 
appropriate calcination procedure for the systematic study of 'y-AfeCb, were presented 
in Chapter Six. 

Chapter Seven details the investigation of the structure from a single- 
temperature case. Several known structural models were investigated, including the 
possibility of a dual-phase mode] and the inclusion of hydrogen in the structure. It 
was demonstrated that an accurate structural model cannot be achieved for v-A^G} if 
the cations are restricted to spinel positions. It was also found that electron 
diffraction patterns, typical for y-AbCh, could be indexed according to the Mi/amd 
space group, which is a maximal subgroup of Fd3m. Two models were presented 
which describe the structure more accurately; Cubic- 1 6c, which describes cubic 
y-AbOa and Tetragonal- Kc, which describes tetragonal y-Ai 2 03. The latter model was 
found to be a better description for the Y-AI2O3 samples studied. 

Chapter Eight describes the evolution of the structure with changing 
calcination temperature, Tetragonal 7-AI2O3 was found to be present between 450 
and 750 °C. The structure showed a reduction in the tetragonal distortion with 
increasing temperature but at no stage was cubic y-Aljps obtained. Examination of 
the progress of cation migration indicates the reduction in the tetragonal nature is due 
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to ordering within inter-skeletal oxygen layers of the unit cell, left over from the 
breakdown of the hydroxide layers of boehmite when ■the-transfprniation/to^-A-bOa 
occurred. Above 750 6-A.I2O3 was not observed, but a new phase was identified 
and designated y'-AlzC^ The structure of this phase was determined to be a triple cell 
of 7-AI2O3 and is herein described using the P4m2 space group. 

Chapter Nine investigates the presence of hydrogen in the structure of 
y-AbOv It was concluded that y-AfeOj derived from highly crystaliine boehmite has 
a relatively well ordered bulk crystalline structure which contains no interstitial 
hydrogen and that hydrogen-containing species are located at the surface and within 
amorphous regions, which are located in the vicinity of pores, Expectedfy, the 
specific surface area was found to decrease with increasing calcination temperature. 
This trend occurred concurrently with an increase in the mean pore and crystallite 
size and a reduction in the amount of hydrogen-containing species within the 
structure. It was also demonstrated that y-AKO* derived from highly crystalline 
boehmite has a significantly higher surface area than expected, attributed to the 
presence of nano-pores and closed porosity. 

The results from the computational study are presented and discussed in 
Chapter Ten. Optimisation of the spinel-based structural models showed that 
structures with some non-spinel site occupancy were more energetically favourable'. 
However, none of the structural models exhibited a configuration close to those 
determined from the experimental studies. Nor did any of the theoretical structures 
yield a diffraction pattern that was characteristic of y+AhQ^ This discrepancy 
between the simulated and real structures means that the spinel-based starting 
structure models are not close enough to the true structure of y-Ab.O3.to facilitate the 
derivation of its representative configuration. Large numbers of structures 
demonstrate migration of cations to c symmetry positions, providing strong evidence 
that c symmetry positions are inherent in the structure. This supports the Cubic- 16c 
and Tetragohal-3c structure models presented in Chapter Seven and suggests that 
these models are universal tor crystalline y A fcQ 3 , Optimisation of c symmetry based 
structures, with starting configurations based on the experimental findings, resulted 
in simulated diffraction patterns that were characteristic of y-Ab'Qa. 
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